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Abstract
The impact of sensor design on the inspection of planar electronic devices by capacitive coupling is investigated.
To allow for the inspection of electrically isolated conductive parts of devices, such as partly processed ﬂat panel
displays or printed electronic circuits, new sensor designs have been developed and are evaluated with the help of
ﬁnite element simulations. The analysis of the simulation results shows that a clear detection of the conductive
parts is achieved if the sensor geometry enforces a non-uniform electrical ﬁeld distribution in the range of the sensor
area. By studying the capacitive coupling to the individual parts of the sensors, design rules for sensor electrode and
shielding geometry are deduced.
© 2011 Published by Elsevier Ltd.
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1. Introduction
New application areas, stronger competition, and increased technical requirements are forcing manufacturers of
ﬂat panel displays and printed electronics to focus on inspection systems in order to improve yields and to shorten
development cycles [1]. Therefore, a continuous inspection during the entire production process is required including
the very ﬁrst process steps. It has been demonstrated that defect inspection and classiﬁcation is achieved by exploiting
the capacitive coupling between the probe electrodes of a sensor chip and the conductive parts of the planar electronic
devices [2–4]. When the sensor electrodes are moved across the device surface, a measuring signal proportional to
the position-dependent capacitance is obtained and the structural and electrical properties are resolved. Inspection of
partly processed devices can be challenging, especially if the conductive parts can not be contacted directly. In this
case, the excitation signal has to be applied to the conductive parts by capacitive coupling. Under these conditions, the
current sensor does not allow for an inspection, since no signiﬁcant variation of the position-dependent capacitance
will be obtained during a scan. This shortfall can be circumvented by an adaptation of the sensor design. Following
the new design approach illustrated within this report, the inspection method may now be extended to the entire
production process.
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2. General
2.1. Finite Element Simulations
Based on the nonmatching grid approach [4, 5], ﬁnite element (FE) simulations of the sensor signal were conducted
to evaluate the characteristics of diﬀerent sensor designs and to study the dependence on the properties of the isolating
material carrying the conductive parts. The nonmatching grid approach allows for a full incorporation of the sensor
movement during a scan and drastically reduces the simulation eﬀort, since separate meshes can be generated for
sensor and device regions. Simple conﬁgurations of quadratic conductive plates mounted to an isolating carrier were
studied, see Fig. 1a. To determine the capacitance for each lateral sensor position, the charge at the sensor electrode
(ground potential)
Qsen = ε0
∫
∂Vsen=Asen
E(x) · dA (1)
is calculated from the simulation of the electric ﬁeld distribution E(x) while a constant voltage (Dirichlet boundary
condition) is imposed to the excitation electrode (Fig. 1a). Homogeneous Neumann boundary conditions [6] are
applied to open boundaries.
Figure 1: (a) Sketch of the conﬁguration used for FE simulations (not scale). (b) Variation of the position-dependent capacitance between sensor
and excitation electrode along the scan direction (x-axis). The inset shows one sensor electrode of the currently used sensor chip.
2.2. Measuring principle
The inset in Fig. 1b shows one electrode of the sensor chip currently used in the inspection system [2]. The sensor
electrodes are encompassed by a lateral shielding which is extended to the full size of the sensor chip (≈1 cm2).
Typically, the distance between sensor electrodes and device surface lies in the range of 5 μm to 25 μm (z-axis). To
carry out the inspection, AC voltages are applied to the excitation electrodes and the sensor is moved across the device
surface while the scan distance is kept constant. During the scan, the displacement current
Idis = Csen · dUddt + Ud ·
dCsen
dt
, (2)
which is directly proportional to the position-dependent capacitanceCsen is measured. Ud denotes the voltage between
sensor and excitation electrodes.
The design of the current sensor chip does not allow for the inspection of electrically isolated conductive parts
with sizes smaller than or equal to the size of the sensor chip area. Sensor electrode and lateral shielding, which are
forced to ground potential form an almost perfectly plane surface, see inset in Fig. 1b. Therefore, the conﬁguration of
sensor chip and excitation electrode corresponds to the geometry of an ideal parallel plate capacitor [7]. Hence, pre-
venting a clear detection only the thickness of the conductive parts, which typically lies in the range of few hundreds
of nanometres will determine the modulation of position-dependent capacitance and sensor signal, respectively. Fig-
ure 1b shows the variation of the capacitance when the sensor moves (x-direction) across the conductive plates. Since
the lateral shielding imposes an equipotential surface on the boundary between isolator and air, a variation directly
proportional to the plate thickness is obtained.
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3. Results
From the analysis of the current sensor chip design (sec. 2.2) it becomes clear that the position-dependent ca-
pacitive coupling to the sensor electrode has to increase the potential in the range of the conductive parts in order to
allow for their detection. This can be achieved if the shape of the sensor chip or electrode imposes a non-equipotential
surface at the boundary between isolator and air. Figure 2a illustrates the eﬀect for two examples of corresponding
sensor electrode designs. In contrast to the currently employed sensor electrode, the whole area of the electrodes
Figure 2: (a) Sketch of the potential curves for diﬀerent sensor positions and designs (not scale). (b) Potential curves (FE simulation) at the
boundary between isolator and air for two diﬀerent sensor (disclike design) positions. Plate thickness 100 nm.
exhibits a capacitive coupling to the excitation electrode or the conductive plates yielding a non-equipotential surface
in the range of the sensor electrode. If the sensor electrode is positioned in the range of the plates, the plates reinforce
an equipotential surface along the boundary between isolator and air. Thus, an average plate potential results, which
is slightly higher than the potential for positions out of the range of the plates, see Fig. 2b. In return, this increases the
charge at the sensor electrode and a modulation of the sensor signal is obtained. Hence, it is reasonable to assume that
the stronger the distortion of the potential surface enforced by the shape of the sensor electrode will be, the stronger
also the relative increase of the plate potential will be. Figure 3a shows the variation of the capacitance for disclike
and pyramid-shaped sensor electrodes as sketched in Fig. 2a. As can be seen, both designs allow for the detection
Figure 3: Position-dependent capacitance between sensor and excitation electrode. a) Capacitance to complete sensor electrode area, b) individual
contributions to the capacitance. Plate widths and distances are indicated by the grey bars. Plate thickness 100 nm.
of the conductive plates, although the plates have a thickness of only 100 nm. However, in contrast to the expec-
tation, the pyramid-shaped sensor electrode yields a weaker capacitance modulation, even though its shape should
enhance the distortion of the potential. One explanation for this result can be obtained from the investigation of the
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position-dependent capacitance to the diﬀerent areas of the sensor electrodes, see Fig. 3b. As can be observed, the
capacitance to the top areas and the side area of the disclike sensor only show a slight modulation. Since the shape
of the pyramid-shaped sensor leads to a larger average distance to the excitation electrode, the capacitance to the side
and bottom areas is smaller than for the disclike sensor. In contrast, the capacitance to the top area is nearly equal for
both sensors yielding a reduction of the capacitance modulation for the pyramid-shaped sensor. However, focussing
exclusively on the capacitance to the side and bottom areas, it is found that the disclike sensor exhibits a much stronger
modulation (Fig. 3b). This can be explained by the stray ﬁeld of the sensors, which leads to a lateral extension of
the capacitive coupling for the pyramid-shaped sensor. Due to the stray ﬁeld, the sensor couples to the conductive
plates at larger lateral distances, which in return leads to a reduction of the capacitance modulation. Hence, to take
advantage of the potential distortion imposed by the pyramid-shape of the sensor, a small shielding (thickness 5 μm)
surrounding the sensors was introduced. The simulation results are shown in Fig. 4a. As supposed, the shielding does
Figure 4: Position-dependent capacitance between coaxial shielded sensor and excitation electrode. a) Sensor distance 10 μm, b) sensor distance
20 μm. Plate widths and distances are indicated by the grey bars. Plate thickness 100 nm.
not signiﬁcantly improve the capacitance modulation (bottom area) for the disclike sensor. However, the modulation
for the pyramid-shaped sensor improves dramatically (bottom and side areas). Hence, to fully exploit the eﬀect of
shape enhanced distortions of the potential, a shielding of the side areas is essential. In addition, a shielding of the top
areas of the sensors shows to be advantageous, since the capacitance to theses areas shows no modulation. For larger
sensor distance this shielding becomes even more important, since the capacitive coupling to the top areas dominates
the overall capacitance, which severely reduces the capacitance modulation (sum), see Fig. 4b.
4. Conclusion
The capacitive coupling of sensor electrodes especially designed for the inspection of electrically isolated conduc-
tive parts of planar electronic devices was studied with the help of ﬁnite element simulations. It is demonstrated that a
detection of such parts is possible if the sensor electrodes enforce a non-equipotential surface at the boundary between
isolator and air. The electrode shape can be used to enhance the capacitance modulation if a shielding is employed
simultaneously. A detailed analysis of the capacitive coupling yields design rules for sensor and shielding geometry.
Following this design approach, the inspection method can now be applied to each step of the production process.
References
[1] Kagan CR, Andry P., Thin-Film Transistors. 1st ed. New York: Marcel Dekker, Inc; 2003.
[2] Koerdel M et al., IEEE Transactions on Electron Devices 2011; under review.
[3] Koerdel M et al., Procedia Engineering 2010; 5 S400-403.
[4] Koerdel M et al., Sensors and Actuators A: Physical 2011; article in press, DOI: 10.1016/j.sna.2011.02.040.
[5] Flemisch B, Kaltenbacher M, Wohlmuth BI., Int. J. Numer. Meth. Engng. 2006; 67 S1791-1810.
[6] Jackson JD., Classical Electrodynamics 3rd ed. New York: John Wiley&Sons, Inc.; 1999.
[7] Heerens WC., J. Phys. E.:Sci.Instrum. 1986; 19 S897-906.
